Abstract-As a result of increasing environmental concern, more and more electricity is generated from renewable sources. One way of generating electricity from renewable sources is to use wind turbines. A tendency to erect more and more wind turbines can be observed. Because of this, in the near future wind turbines may start to influence the behaviour of electrical power systems. Therefore, adequate models to study the impact of wind turbines on electrical power system behaviour are needed. The wind turbines can be operated in two modes: constant-speed and variable-speed. Squirrel Cage Induction Generator (SCIG) has been simulated that works in constant-speed operation. Doubly Fed Induction Generator (DFIG) that is used in a variable-speed turbine can be controlled in two ways. They can produce power with constant power factor or they control magnitude of voltage of PCC. PSCAD/EMTDC simulation program is used to investigate the impact of these turbines on a distribution grid. Each of these has different impacts on the distribution grids. All of above-mentioned methods are applied under same disturbances in wind speed in the simulation. This simulation is based on a vector control of the DFIG machine. The technique of vector control is used to control the output parameters of the rotor of DFIG in different loading conditions and variable rotor speeds. The outcomes of the simulation demonstrate the effectiveness of the proposed simulation and control schemes. Also, it is shown that voltage control scheme has better results and improves the voltage profile considerably.
I. INTRODUCTION
Wind energy is said to be one of the most prominent sources of electrical energy in years to come. Wind energy conversion systems (WECS) are the devices which are used to convert wind energy to electrical energy. The increasing concerns to environmental issues demand the search for more sustainable electrical sources [1] - [5] . With the wind farms rating hundreds megawatts, the concerns start to focus on the voltage problems of the power system [6] . For distribution grids connected wind power generation, voltage quality is an important issue for the system planning purpose. The operation of wind turbines in the distribution networks may affect the voltage quality offered to the consumers.
Most of the models used to represent a wind turbine are based on a non linear relationship between rotor power coefficient and linear tip speed of the rotor blade [5, [7] [8] [9] .
Manuscript received February 13, 2012 ; revised March 14, 2012 . T. Abedinzadeh is with the Islamic Azad University, Shabestar Branch, Shabestar, Iran (e-mail: taherabedinzade@yahoo.com).
M. Ehsan is with Sharif University, Tehran, Iran. (e-mail: Ehsan@sharif. ac.ir).
D. Talebi is with the Islamic Azad University, Bonab Branch, Bonab, Iran (e-mail: dtalebi@gmail.com).
On the dynamic subject, several works have been done on the analysis of power quality from wind turbines to the power systems [6] , [10] - [13] . An extensive analysis of the potential impacts of wind turbines has been developed on the power quality, where the work focused on the small scale integration and is explained how to assess the voltage quality from wind turbines using wind turbine characteristics.
The turbine of wind energy conversion systems can he operated in one of two modes: constant-speed and variable-speed. In constant-speed turbines, reactive power cannot be controlled. But reactive power of variable-speed turbines can be controlled in two ways. They can produce power with constant power coefficient or they can be controlled to adjust magnitude of voltage of PCC (Point of Common Coupling). Presently, the trend of operating wind turbines is in the variable-speed mode. One of the most common type of wind turbines is the variable speed wind turbines with Doubly-Fed Induction Generator (DFIG). In the DFIG, the applied rotor voltage controls the real and reactive powers and generator's speed, when its stator terminals are connected to a power system and the stator voltage is held constant by the grid [2] , [3] , [5] , [12] - [16] .
Each one of these cases has different impact on the distribution grids. For evaluation of these impacts, SCIG (Squirrel Cage Induction Generator) that works in constant-speed operation and DFIG generator that is used in a variable-speed turbine have been simulated. A simulation program of PSCAD/EMTDC is used to investigate the impact of these turbines on a distribution grid. Both of above-mentioned methods are applied under same disturbances in wind speed in the simulation. This simulation is based on a vector control of the DFIG machine. The technique of vector control is used to control the output parameters of the rotor in different loading conditions and variable rotor speeds [9] , [17] , [18] .
II. WIND TURBINE MODELING
Wind energy conversion systems (WECS) are the devices, which are used to convert the wind energy to electrical energy. The total wind power entering the wind turbine is given by:
where ρ is the density of air in kg/m3 and A is the area swept by the blades of wind turbine, in m2 and V is the speed of wind in m/s and C P is dimensionless power coefficient. Since calculation of C P is too complicated, usually its value calculates from simpler formulas. The formula that is used for C P is [9] :
Dynamic Modeling 
A. Pitch Angle
The block diagram that is used to control pitch angle is shown in below. This controller increases pitch angle if turbine shaft speed exceeds its maximum speed. However, it should be mentioned that pitch angle can only rise some degrees (here 20 degrees).
B. Turbine Simulation
Below equation is used for turbine simulation:
where ρ and r are air density and turbine blade radius and they have been replaced by 1.225 and 23 respectively. V is wind speed and ω T is angular velocity of wind turbine.
III. SCIG GENERATOR
A squirrel cage induction generator that is simulated in the paper is shown in fig. 2 . In the SCIG generator, the control of speed and power is done by regulating of pitch angle.
IV. DFIG GENERATOR
A double-Fed induction generator is a standard wound rotor induction generator with its stator windings directly connected to the power grid and rotor connected to the power grid through a frequency converter [7] . (Fig.3) In modern DFIG designs, the frequency converters are usually built by two, three phase self commutated back-to-back PWM converters with an intermediate capacitor link for DC bus voltage regularity. The converter that is connected to the rotor called 'rotor side converter' and the other named 'grid side converter'. By controlling the grid and rotor converters, the DFIG can be adjusted to achieve many capabilities versus conventional squirrel cage induction generators. dq representation of DFIG machine for the stator side are given by: For the rotor side: 
where P s is the power delivered by the stator, P r is the power to the rotor, P g is the total power generated and delivered to the grid. In addition, reactive power:
The electrical torque generated by induction machine is given by: The technique of vector control will be used in the control of induction generator to control the generated voltage for different loading conditions and variable rotor speeds.
The total stator flux is aligned along the d-axis of the rotating reference frame [7] 
Neglecting stator resistance will lead to [7] :
Substituting for V ds =0, Eqs. (14) and (15) 
A. Electromagnetic Torque/Speed Control
Optimum Power Extractor calculates desired torque for turbine. Therefore, i qrref will be derived as shown in Fig.4 (a) . Comparing the reference variable to the actual machine current, an error signal required for controlling the speed of the machine is obtained. To determine the required rotor voltage, a standard PI controller and the summation of the direct rotor current compensation term, derived from (19), is implemented. This control scheme is shown in Fig. 4(b) . 
B. Voltage Control
In order to control terminal voltage, the amplitude of idr is controlled. In order that control voltage, reference voltage is compared with the terminal voltage. Then error control signal is produced to an integral controller, as shown in Fig. 5(a) .
The secondary stage of the controller is constructed using the primary stage reference current compared to the direct component of measured rotor current. The required rotor voltage is obtained from a PI controller and the summation of the quadrature rotor current compensation term, derived from (15) . This control scheme is shown in Fig. 5(b 
C. Reactive Power Control
For controlling reactive power, i drref is obtained from (26). Its control scheme is shown in Fig. 6 . The secondary stage for controlling reactive power is similar to Fig. 5(b) .
VI. CASE STUDY
To illustrate the impact of a wind turbine on the voltage profile along a line, a distribution grid is considered [10] (Fig.  7) . The node 1 is connected to the high voltage grid. The rated voltage is 15 kV. On average, the X/R ratio of the distribution lines in the studied grid is approximately 7.5. The total load is 10 MVA. A wind turbine is assumed to be connected to node 9. Fig. 8 shows the wind speed at hub height, used as input for the simulation. (Table I) . Fig. 9 . Active power waveforms of the DFIG in two cases of simulation Fig. 9 shows the active power of turbines in all cases. As it can be seen, variation of active power in case 1 is more than other cases. The control of active power in DFIG generators with controlling of rotor voltage causes that. But in SCIG generators, it is only pitch angle control that is used to vary the output active power.
The reactive power of generator and voltage of PCC have been shown in Fig. 10 and Fig. 11 .
The reactive power output of a SCIG (cases 1) is always negative (inductive behavior) and cannot be controlled, so the variations of voltage and reactive power are more than the other two cases.
The reactive power for case 2 is permanently controlled to zero. In case 3 that the DFIG is controlled in constant voltage state, the voltage in node 9 has been constant in 1 p.u. in all wind speeds. In the fourth second of simulation that wind varies so much, the voltage variation is 0.8% for case 1 and 0.7% for case 2 and 0.2% for case 3. 
